Week 6 : Day 2
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We define a new physical parameter to describastete
of motion of an object of mass and speed.

m m

We define its kinetic enerdgy as

mv’
K=——-.
2
We can use the equation above to define the Skamwork (the
joule, symbol.J ). An object of mass = 1kg that moves with
speedv = 1 m/s has a kinetic energy= 1J.
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If a forceF is applied to an object of massit can accelerate it and
Increase its speadand kinetic energik. Similarly F can deceleratm
and decrease its kinetic energy.

We account for these change«imy saying thakF has transferred energy
Wto or from the object. If energy is transferredn (its K increases) we
say that work was done Iyon the object (V> 0). If on the other hand,
energy is transferredon the object (itK decreases) we say that work
was doneby m (W< 0).
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We apply Newton's second law: . =ma_. We assume that the bead had an mitial
velocity %, and after it has traveled a distance 4 its velocity is ¥. We apply the
third equation of kinematics: v* —v; = 2a.d. We multiply both sides by m/2 —»

Evz—ﬂv‘f:EZakd:ﬂZFxd:F;d:Fcns;aﬁd. }E:'_E.:Ew";1
2 2 2 2 m 2

K, = %vz — The change in kinetic energy K. — K, = Fd cos .

Thus the work W done by the force on the bead 1s given by W =F d = Fd cos ¢.

W = Fdcoy
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The DOT product represents the
area of the parallelogram...
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The unit of ¥ is the same as that of X, 1.€., joules. W = Fxd

Note 1:The expressions for work we have developed apply when F 13 constant.

Note 2:We have made the implhicit assumption that the moving object 1s point-like.
Note3: W >0 1f 0<¢g«<90° W <0 1if 90°<¢g<180°.

Net Work: If we have several forces acting on a body (say three as in the picture)
there are two methods that can be used to calculate the net work W

net”
Method 1: First calculate the work done by each force: W, by force I,
W, by force £, and W, by force &, . Then determine W =W, +W, +W...

Method 2: Calculate first |, =F, + F, + £, ; then determine W, = F-d.
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In the general case the force F acts in threc-dimensional spacc and moves an object

on a three-dimensional path from an imtial point 4 to a final point 5.
The force has the form £ =F (x,y, Z)Ji‘+Fy (x, y,z)]+P; (x, y,z)I:;.
Points .4 and B have coordinates (xz., V. zI.) and (x 2 Ve Zs ), respectively.

AW =F -dr =Fdc+Fdy+Fdz

B *f Yy ZF
W=[dw=|Fd+ | Fdy+ | Fde
A X, ¥ z,
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Consider a tomato of mass m that 1s thrown upward at point A4
with 1nitial speed v,. As the tomato rises, 1t slows down by the
gravitational force F, so that at point B 1t has a smaller speed v.

The work W, (A —> B) done by the gravitational force on the

tomato as 1t travels from point 4 to point B 1s

W, (A—)B) = mgd cos180° = —mgd. 5
The work W, (B — A) done by the gravitational force on the
tomato as 1t travels from point B to point 4 1s A

W,(B— A)=mgdcos0° =mgd.
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We have seen earlier that K -K =W

net -

m m We define the change 1n kinetic energy as

AK =K, —K,. The equation above becomes

the work-kinetic energy theorem:

Change in the kinetic  net work done ¢

energy of a particle the particle

The work-kinetic energy theorem holds for both positive and negative values of W
It W.>0 > K -K>0>K >k

If W,<0 > K,-K <0>K, <Kk E> DK =K¢ - Ky =W,

net'
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Lifting
The work-kinetic energy theorem states that AK =K —-K =W .

B We also have that K, =K', > AK =0—> W, =0. There are two forces
acting on the object: The gravitational force /¥, and the applied force /

that lifis the object. W, =W (4 — B)+W, (A—>B)=0—>
W, (A—>B)=-W_(A—B).
W, (A—)B)=mgd003180°=-mgd > W, (A —>B)=mgd.

Lowering

In this case the object moves from B to A.
W, (B— A)=mgd cos0° = mgd W,(B—>A)=-W,(B— A)=—mgd
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